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What is Hydra? Hydra is a member 
of the animal phylum Cnidaria. 
This phylum includes corals, sea 
anemones and jellyfish. While most 
cnidarians are marine, Hydra is 
unusual in that it lives exclusively in 
fresh water. Hydra was first described 
by Antoni van Leeuwenhoek (1632–
1723) in a letter he sent to the Royal 
Society on Christmas day, 1702. The 
letter included a red chalk drawing 
of Hydra on parchment (Figure 
1A). In 1744, a Dutch tutor named 
Abraham Trembley published his 
memoires, which included studies of 
regeneration, asexual budding and 
tissue grafting in Hydra. Trembley’s 
work provided the foundation for 
nearly 250 years of research on Hydra.
Does Hydra have tissues and 
organs? Hydra has reached the 
tissue grade of organization, but it 
lacks organs. It consists of a tube 
about 5 mm long formed by two 
epithelial layers (endoderm and 
ectoderm). It has a head consisting 
of a mouth surrounded by a ring 
of tentacles at one end and an 
adherent disk, the foot, at the 
other end. Interspersed between 
the cells of the epithelial layers are 
multipotent stem cells that give 
rise to four differentiated cell types: 
gametes, nerves, secretory cells, and nematocytes — the stinging 
cells that define the phylum Cnidaria. 
Nematocytes within the tentacles 
allow the animal to capture prey 
and bring it to the mouth. Hydra 
reproduces primarily by asexual 
reproduction, through a process 
called budding. This makes 
culturing Hydra in the lab easy 
and inexpensive. Although it lacks 
sensory organs, Hydra is responsive 
to light and surprisingly contains on 
the order of sixty genes encoding 
opsin proteins.
Why are developmental biologists 
interested in Hydra? Hydra is of 
interest to developmental biologists 
because of what it can tell us about 
regeneration, pattern formation 
and stem cells. Hydra has the 
ability to regenerate from small 
pieces, the basis for the allusion 
to the mythical Hydra, which re-
grew two heads after decapitation. 
If you cut a Hydra in half, the top 
half will regenerate a foot and the 
bottom half will regenerate a head. 
If you cut both the head and foot 
off, the body column will retain the 
polarity of the original animal and 
regenerate a head at the top and 
a foot at the bottom. And most 
amazingly, a suspension of Hydra 
cells that has been reaggregated 
by pelleting in a centrifuge will 
regenerate into complete Hydras. 
All of the cells in the Hydra body 
column are constantly dividing, while 
the cells in the tentacles and the 
foot are arrested in G2 of the cell 
cycle. In the face of this constant 
production of new cells, Hydra needs Figure 1. Hydra from 1702 to the present.
(A) A drawing of Hydra by Leeuwenhoek (photograph © The Royal Society). (B) Hydra magni-
papillata with two buds. (C,D) Transgenic Hydra expressing green fluorescent protein (C) and 
red fluorescent protein (D) in the ectodermal epithelial layer under the control of an actin gene 
promoter.a mechanism to get rid of cells in 
order to maintain its size and axial 
pattern. It accomplishes this mainly 
by shunting excess cells into buds 
and to a lesser extent by sloughing at 
the tips of the tentacles and the foot. 
This means that cells are constantly 
being displaced towards the ends of 
the animal and undergoing changes 
in morphology and differentiation 
state as they move along the axis. 
Thus, developmental processes 
are continuously active in the adult 
Hydra.
Where does one find Hydra and 
how many species are there? 
Hydra is a cosmopolitan organism. 
It has been collected from locations 
as diverse as Iceland and the 
Peruvian Amazon. You can find 
Hydra attached to rocks, leaves and 
twigs in ponds, lakes, and streams. 
You can also find it in freshwater 
fish tanks at your local pet store. 
Over 80 species of Hydra have been 
described. However, many of these 
species designations are probably 
not valid; in the past, naturalists 
had a tendency to give each Hydra 
they found a new species name. 
Recent phylogenetic studies have 
shown that Hydra can be grouped 
into four clades, but it remains 
unclear how many species there are 
in each clade. The most distinctive 
Hydra species is H. viridissima, 
the green Hydra, which gets its 
color from single-celled algae living 
symbiotically within its cells.
What tools and resources are 
available to the Hydra researcher? 
Recently, new tools and resources 
have become available whose 
absence was limiting investigation 
of Hydra biology at the molecular 
level. Large-scale EST projects 
and sequencing of the Hydra 
genome have shown that Hydra has 
~20,000 genes, with nearly all of the 
bilaterian signaling pathways and 
transcription factor families present. 
In 2006, a method was published for 
producing stably transgenic Hydra. 
This was a watershed moment for 
the Hydra field; for the first time 
researchers could manipulate genes 
in Hydra and observe phenotypic 
effects. For example, use of this 
technology has provided proof 
that the Wnt signaling pathway is 
responsible for organizing the axial 
pattern in Hydra.
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microbiome? Yes, it does. Like 
the human gut, Hydra is home to 
an array of bacterial residents. The 
composition of the microbiome for a 
particular strain of Hydra seems to be 
quite stable. How the microbiome is 
maintained and what it contributes to 
the host are important questions that 
are starting to be addressed. Hydra 
is a much simpler model for studying 
host/microbe interaction than 
vertebrate models such as humans 
and mice.
I’ve heard that Hydra is immortal; 
is that true? It appears so. Daniel 
Martinez followed 100 adult Hydra 
for four years, discarding the buds 
as they were produced. The parental 
animals did not undergo age-related 
senescence. Individual cells die in 
Hydra, but the organism as a whole 
does not have a fixed life-span. 
There is, however, evidence that 
some species of Hydra undergo 
senescence following sexual 
reproduction. Genes associated with 
the aging process in other animals 
have not yet been examined in Hydra, 
but clearly one would like to know 
more in this regard.
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In the laboratory, the nematode 
Caenorhabditis elegans lives on 
the surface of nutrient agar in Petri 
dishes, feeding on a lawn of the 
uracil auxotroph strain OP50, an 
Escherichia coli mutant strain. This 
sentence sums up the fundamentals 
of C. elegans ecology, as most of us 
know it. While over 15,000 articles on 
diverse biological aspects of C. elegans 
attest to the worm’s undisputable 
virtues as a major model organism, 
its biology in the wild remains 
mysterious. To properly interpret and 
fully understand the available wealth of 
genetic, molecular and other biological 
observations made in the laboratory, 
it will be important to know its natural 
history and to place the species in its 
ecological and evolutionary context. 
With the aim of connecting the 
discoveries that have been made about 
C. elegans biology to its ‘real life’, we 
shall discuss recent studies on the 
worm’s natural habitat and population 
biology, and outline key issues in 
attaining a modern natural history  
of C. elegans. 
Natural habitat
Where does C. elegans live? Efforts 
to systematically sample C. elegans 
in nature were initially hampered by 
the absence of precise ecological 
information on the whereabouts of 
this tiny roundworm, which reaches 
a length of only 1–2 mm as an adult. 
The first description of C. elegans 
and its site of isolation by the French 
zoologist Emile Maupas did not 
simplify this task: “J’ai rencontré à 
deux reprises cette espèce dans les 
environs d’Alger: une première fois en 
mai, la seconde en novembre 1897. 
Elle vit dans l’humus gras”  
(“I came twice across this species in 
the surroundings of Algiers: a first time 
in May, a second time in November 
1897. It lives in rich humus”, Maupas 
wrote in 1900). From then on,  
C. elegans was referred to as a soil 
nematode in the literature. Yet, as 
Primer one of us (M.A.F.) has experienced, long years of skimming through soil 
samples from all corners of the world 
have been frustratingly fruitless. 
Human-made compost heaps are a 
relatively reliable source of C. elegans, 
allowing the first ‘semi-natural’ studies 
on the extent and spatial structure 
of its genetic diversity, population 
dynamics and outcrossing rate. Several 
more years had to elapse before  
C. elegans was regularly sampled from 
more undisturbed habitats. Thanks to 
repeated scouring of various microbe-
rich samples in diverse habitats, we 
and others have found C. elegans 
and other Caenorhabditis species in 
different types of rotting plant material, 
such as fruits, stems and flowers 
(Figure 1).
Current data thus indicate that 
C. elegans is not principally a soil 
nematode, but rather a colonizer 
of various microbe-rich habitats, 
in particular decaying plant matter. 
Improbable as it may seem, rotting 
fruit/plant material thus unites three 
major lab model organisms in the same 
ecological context: Saccharomyces 
cerevisiae, Drosophila melanogaster 
and C. elegans. What the three species 
share is a rapid lifecycle, a likely legacy 
from their boom-and-bust lifestyle 
exploiting ephemeral resources. 
Phylogenetic context and 
biogeography
The genus Caenorhabditis presently 
comprises around 25 described 
species, of which only seven have 
been maintained as live or frozen 
lab stocks. Their natural habitat 
and ecological specificities are very 
poorly understood, mainly because 
many species have been isolated 
only once or twice. The exception is 
C. drosophilae, which seems to be 
ecologically specialized: this species 
has been found on rotten Saguaro 
cactus in Arizona, in a phoretic 
(transport) association with the fly 
Drosophila nigrospiracula, allowing 
dispersal between cactus plants. 
Although the Caenorhabditis species 
forming the ‘Elegans-group’ are 
morphologically similar, they are highly 
divergent at the genetic level. To what 
degree this divergence is linked to 
alternative ecological specialization of 
different species remains so far largely 
unexplored. 
The recent burst of world-wide 
sampling from rotting plant material 
has yielded many new Caenorhabditis 
